Retinal models: comparison of electronic absorption spectra in the gas phase and in methanol solution.
An accurate study on several models of the 11-cis-retinal protonated Schiff base (PSB) has been performed both in vacuo and in methanol solution. Condensed phase calculations have been carried out making use of the ASEP/MD method, which permits the employment of the same high-level ab initio calculations usually applied in gas phase studies as well as a detailed description of the solvent structure around the solute through molecular dynamics simulations of the complete system. The solute structure was completely optimized in vacuo and in solution at the CASSCF level and/or MP2 level, and the CASPT2 method was applied for the calculation of the vertical transition energies and solvent shift values. Our results reproduce and explain the main features of the experimental absorption spectra of the 11-cis-retinal PSB. Two well-resolved bands can be identified in vacuo (separated by roughly 1.0 eV), whereas only a single broad band is observed in solution. This fact is explained by the existence of two almost degenerate excited states in methanol. The inclusion of two methyl groups at the iminium end of the system permits the reproduction of the experimental solvent shift value.